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.

IMPACT-LOAES INVESTIGATION OF CHINE-IMMERSED MODEIS

HAWNG CONCAW-CONWQK TRANSVERSE SHAPE AND

STRAIGHT OR CURVHl KEEL LINES

By Philip M. Edge, Jr.

SUMMARY

As part of an investigation of hydrodynamic impact loads on chine-
immersed bodies of heavy besm loading, three narrow-besm models of concave-
convex trsmverse shape snd having, respectively, a straight keel, a curved
bow, and a curved stern were tested at the Langley impact basin. The tests
were made over a wide range of trim and initial-flight-path angles. Most
of the landing impacts were made at a besm-loeding coefficient of 18.77
with a few impacts at besm-loading coefficients of 27.39 and 36.15. The

4 investigation was conducted primarily in snmoth water; however, a few
hpacts with the curved bow were msde in rough water.

. The impact-loads data we presented in tables, snd the derived coef-
ficients of losd.sand motions are presented in figures as the variation
with initial-flight-path angle. The experimental.effects of transverse
and longitudinal curvatures agree ressondily well with those predicted
by theory. The concave-convexbottom, which was similar to shapes con-
sidered as being of constant-force type, yields slightly higher peak losils
thsn a narrow-bean model having conventional vee bottom of equivsbnt az@e
of dead rise, with the possible exception of certain rough-ws.ter-hpact
conditions. The effect of stern curvature for the configurations tested
is greater than the effect of bow curvature. The rough-water loads were
found to be much greater than smooth-water loads for similar initial impact
conditions and were in reasonable agreement with loads obtained from theory
when the flight-path angle, velocity, and trti angle relative to the wave
slope were used.

INTRODUCTION

In previous investigations of hytiodynsmic impact loads on chine-
. imnersed bodies of heavy beam loading, experimental data were obtained

for straight-keel models of flat and vee transverse shapes. These data
were presented in reference 1 for a model having 0° angle of dead rise.
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(flat bottom) and in reference 2 for the vee.shape model with 30° angle “
of dead rise. A theoretical method for predicting the impact loads on
chine-imnersedmodels having straight keel lines was developed and pre- .

sented in reference 3. The values predictedby this method, which is
based on the application of planing data, were shown to be in fairly good
agreement with the experimental data for 0° and 30° angles of dead rise.

The present+vestigation extends the study of impact loads on chine-
immersed prismatic bodies to transversely curved models with and without
longitudinal curvatue and includes abrief study of impacts in rough
water.

The models used in the investigationwere of concave-convexcross
section, being convex nesr the keel with a reversal in curvature toward
the chine. This shape was based on designs for which planing data were
availshle. It so happened that this shape closely approximates configura-
tions which have long been of interest as a possible approach to a
constant-forcetime history during certain impact processes, particularly
full-length zero-trim impacts of non-chine-immersedbodies. Studies of
such impacts and configurationswere made by Wagner in 1932 (ref. 4) and
were continued in 1950 by Bisplinghoff and Doherty at the Massachusetts
Institute o&Technology (ref. 5) and in 1954 by Schulz at the Colorado
Agricultural and Mechanical.College (ref. 6). Since the transverse shape
used in the present investigation is simil= to those develaped as A.

constant-force-typebottoms, the data obtained in these tests may be con-
sidered to be indicative of the loads eqerienced by a chine-immersed
model having a constant-force-typebottom tested with forward speed over

u

a range of trim angles and flight-path angles. A brief discussion of some
factors invdlved in such a comparison is included in t~s paper.

Three different configurationswere tested with the ssme concave-
convex transverse shapebut with different longitudinal profiles - a
straight keel, a curved%ow, and a creed stern. The investigation con-
sisted of a seriesofilqllrodymnic impacts‘atthe”kgley impact basin
for each of the models tested. The impacts were mde over a rang~of
trim and initial-flight-pathangles atia besm-loading coefficient ofi—
18.77 in smooth water; however, a few smooth-water impacts were made at
beam-loading coefficients of 27.39 and 36.15 on the straight-keel and
curved-bow models and a few rough-water impacts were made on the curved-
bow model at-abeam-loading coefficient of 18.77. .

This paper presents the data obtained in this impact-loads investiga-
tion ofichine-hmnersedmodels having concave-convextransverse shape and
straight or curved keel lines. The maximum loads obtained are compared
with those predicted by theory for the straight-ke&l cme. The effects
of transverse and longitudinal curvature are indicated, and a brief anal-
ysis is made of the rough-water impacts.

.
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flight-path angle relative to undisturbed water surface, deg

mass density of water, 1.938 slugs/cu ft

trim angle, deg

equivalent trim angle, deg

model besm, ft

wave slope at point

acceleration due to

time titer contact,

dropping weight, lb

of contact, deg

gravity, 32.2 ft/sec2

sec

Fv
impact load factor normal to undisturbed water,surface, ~

velocity

ih’sf’tof

velocity

pitching

of model psrallel to undisturbed water surface, fps

model normal to undisturbed water surface, ft

of model normal to undisturbed water surface, fps

moment referred to step, lb-f%

hydrodynamic force normal to keel,

resultant velocity of model, fps

verticsl component of hyibxilynsmic

niW
impact lift coefficient,

22@o b

draft coefficient, ~

.

vertical-velocity coefficient, ~
Z.

lb *

force, lb

Fv
=—

$Vow
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Ct

cCp

cm

CA

vot–
time coefficient,

T

center-of-pressurecoefficient,
Center of pressure measured from stem

b

pitching-moment coefficient %

*0%3

wbeam-loading coefficient, —
pgb3

Subscripts:

o at water

0 referred

msx ?naXhnum

w referred

contact

to

to

The impact-loads
_ey @act basin.
is given

Two
model 12

in reference

basic models

step (stern of model)

surface of wave

APPARATUS

investigationreported
A description of this
7.

Models

were used in the tests: a

herein was conducted in the
facility and its eqpipment

feet-long and a model 10 feet long with
and the forward 5 feet pulled up along an ‘~c of

longitudinally
the aft 5 feet

straight
straight

10-foot ~adius. The
basic models were of li~t-shee~-met~- constructionwith a bottom of wood
covered with fiber glass being installed for this investigation. The
models were equipped with a concave-convextransversely curved bottom
with a beam of 1 foot. This bottom section consisted of a rounded keel
of 3.4-inch radius and a concave cuvature extending to the chine. Pro-
files of these models are presented in figure 1 and a cross-sectional
view of the concave-convexbottom is shown in figure 2. Although the
shape tested-in this investigationwas not developed as a constant-force-
type bottom, it= shape curve is between those for shapes developed as
constant-forcebottoms by M.I.T. and Colorado A. & M. College (fig. 3).

.

.
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The models as tested are show mounted on the
in figure 4. Figure k(a) shows the longitudinally. k(b) and 4(c) show the longitudinally curved model
as a curved-stern model and as a curved-bow model.

@act-basin carriage
straight model. Figures
mounted, respectively,
The model was attached

rigidly to the carriage beam through a load measuring dynamometer and was
held fixed at each trim angle throughout the impact by this mounting.

Instrumentation

The instrwnentation used consisted of a multi-channel oscillograph,
accelerometers, a dynamometer, water-contact indicators, sm optical wave-
height recorder, and electrical pickups for measuring displacements smd
velocities. All measurements were recorded on the oscillograph except
the wave height which was recorded separately.

Accelerations in the vertical direction were measuredly three oil-
dsmped strain-gage-type accelerometers having undsmped natursl frequencies
of 60, 75, snd 120 cycles per second. The outputs from these accelerom-
eters were recorded on three galvanometers having frequencies of 17, 100,
and 800 cycles per second, respectively. The values obtained tith these
accelerometers were compared, and, in tests in which there was no evidence
of attenuation due to frequency response, the measurements from the lower.
frequency accelerometer were considered valid. In this manner, extraneous
structural vibrations were eliminated by electrical.fairing. Loads normal
to the deck of the model and pitching moments shout the forward attachment.
point were obtained from a strain-gage ~smcmeter mounted between the
model and carriage boom. These measurements were corrected for the dis-
tribution of mass and center of gravity of the parts located below the
dynamometer smd those for the pitching moment were referred to the step.
Only the corrected values of loads and moments about the step are pre-
sented. The initial contact of the model tith the water and the rebound
of the model from the water were determined by means of m electrical
circuit completed by the water. Horizontal velocity was computed from
photoelectric-cell measurements of horizontal displac~nt. Vertical
velocity was obtained by electrical differentiation of a slide-wire output
which measured vertical displacement.

The wave-height measurements were obtained from an NAC~ optical.wave-
height recorder which consists of a mercury src lsmp and a standard NACA
fi~ drum mounted in an instrument housing. The light from the mercury
arc lamp is passed through a lens’system which focuses a small image on
the water surface. The imsge formed on the water surface is recordedby
the film drum which is located so that the rise snd fsll of the water
surface result in the trace moving across the film. The wave-height

. recorder was mounted in the nose of the carriage and measured the wave
height just forward of the model. The wave-height record was correlated

.



6

with the
record.

NACA TN 3940

osclllograph record by means of a comnon timing impulse on each
The NACA optical wave-height-recorderis described in detail.in

.

reference 8.

TEST PROCEDURE

This investigation consisted of a series of @acts in smooth water
with each of the three models (straight keel, curved bow, snd curved stern)
and a few impacts in rough water with the curved-bow mcdel. The smooth-
water impacts were made at fixed trim angles snd under conditions covering
a wide range of!trti angles and flight-path angles at a beam-loading coeff-
icient of 18.77. Enpacts were made at beam-loading coefficients of 27.39
s.nd36.15 at 80 trim over a range of flight-path angles for the straight-
keel and curved-bow tidels only. The five rough-water tests were made at-
a fixed.trim angle of 80 atiflight-path angles from 1.5° to 7° for the
curved-bow model at a besm-lotii~ coefficient of 18.77 in waves 1A

4
feet

by 40 feet. The test conditions covered by the investigation sre given
in table I. The forward speeds ranged from 20 feet pe%=corid”to 95 feet—
per second and the.initial vertical velocity ranged from approximately
3 feet per second to 13 feet per second. Throughoutrthe imaersion a lift *
force equal to the.tg.ta weight of the model and dzpp linkage was exerted
on the model by means of the lift-engine described.in reference 7.

.

In order to check the consistency of the behavior of the instrumenta-
tion and equipment, at frequent intervals during the investigation repeat-
impacts were made with the test conditions as nearly identical as possible.
The data obtained from these repeat impacts showed that no significant
change occurred in the per$’ormanceof the eqtipment”and frwk’umentation ..-
during the investigation. ,The data obtained in these repeat -acts
averaged for each model snd only these average values for each model
presented.

THEORETICAL COMIWTATIONS

In order to obtain theoretical i.mnactloads for ccmmerison with

were
S&e

the
data obtained in this investigation,tie maximum impact ~oads were com-
puted over the range of test conditions of this investigationby means of
procedure 3 of reference 3. l%ocedul?e3 is a theoretical method for deter-
mining smooth-water landing loads on bodies of srbitrary cross section
for which expeiimentsl planing data sre available. .Pkning data obtained
at Langley tank no. 2 with a straight-keelmodel having the same cross .,.

section as the model of this investigationwere used in these computations.
Therefore, the impact loads determined in this manner were for the ssme
conditions as the straight-keel runs oi+this investigation. The msxhmxn

.
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.
impact lift coefficients predicted by this method sre shown in figures 5
.md 6. Fi~e 5 shows the maximum impact lift coefficient plotted

. against singleof trim for each of five flight-path angles for the straight-
keel model at abeam-loading coefficient of 18.77. Since planing data
were available only for trim sngles of 4° to 20°, the theoretical curves
of figure 5 were extrapolated below 4° to 2°, as indicated by the dashed
portion of the curves. By means of this extrapolation, theoretical values
were obtained for comparison with the data obtained at 3° trti. Further
extrapolation of these curves was considered too inaccurate to be of use
at trim angles below 3° or appreciably above 20°.

From figure 5 several interesting observations canbe made in regard
to the variation of maximum @act load as predictedby theory with flight-
path angle snd.trim angle. At low flight-path angles (10° and below),
the singleof trim has little effect on the maximum impact load. At high “
flight-path angles (*eve 150), the load increases rapidly as the angle
of trim is reduced below 80. At higher angles of trim (above 80), the
tipact losilis affected very little by chsmges in trim angle.

The effect of besm loading on maximum impact lift coefficient is
shown in figure 6, wherein msxtium impact lift coefficient is plotted
against initial-flight-path angle for the straight-keel model at 8°
trim for besm-loading coefficients of 18.77, 27.39, and 36.15. This

. figure shows that, as the besm loading is increased, the msxhmm impact
lift coefficient becomes less sensitive to increases of initial-flight-
path angle..

Since theoretical predicted loads are not available for curved-bow
and curved-stern models, the cuz%es of figures 5 and 6 for the straight-
keel model were used throughout this anslysis for comparisons with experi-
mental data obtained for each model.

EXPERIMENTAL RESUZTS AND COMPARISONS WITH THEORY

The experimental data obtained in this investigation are presented
in tables II and III for each series of @acts made. As a means of
analyzing these results, the data were converted into Mmensionless coef-
ficient form. In this msmner the results obtained for each impact can be
compared with results of sll the other impacts, tith trti and flight-path
angles being the only vari~les for a given bottom shape, beam loading,
and seawsy condition. The maxhum impact lift coefficient, the impact
lift coefficient at the instant of maximum drsft, the draft coefficients
at the instants of maximum acceleration and maximum draft, the vertical-
velocity coefficients at msximum acceleration and at rebound, the time.
coefficients at maximum acceleration, maximum draft, ad rebound, and the

.
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.
pitching-moment-coefficientand the center-of-pressurecoefficient–at
maxhmxn acceleration were computed frcnnthe experimental data. These
experimental coefficientswer= plotted against-
for each angle of trim, and typical variations
made are presented.

Straight-KeelModel

Experimental values ofithe aforementioned

initi~-fl.ight-pathsingle
for each series of impacts

coefficientswere calcul-
ated. f~r each of-the-impactswith the straight-keelmodel, and these
coefficients are plotted against the initial-flight-pathsagle in fig-
ures 7 to 18. These data are presented for five trim angles (30, 8°,
15°, 20°, and 30°) of the six trim angles tested at C!A= 18.77 and.for
the only trim angle (8°) tested at CA = 27.39 and 36.15. The trend
of each coefficient with initial-flight-pathangle l= shown by a line
faired through the data points on each of the figures.

In addition to the experimental data, the maximum impact-lift coef-
ficient-as predicted by theory (fig. >) is shown in figures 7 and 8.
The curves of figures 7 and 8 indicate that the agreement-betweenloada
obtained in this investigation and those predictedby theory is excellent
for 8° angle of trim at all three beam loadings testedj however, the loads
predictedby theory for 3° and 20° trim angles are somewhat low, the the-
oretical data at 20° trti being almost 10 percent leGs than the experi-
mental data. It is noted that the data obtained at-50 trim angle sre
limited to flight-path engles below 14° and that the theoretical variation
at’3° trti singlewas taken frmn the extrapolated portion of the curves
in figure 5.

-.

Several observations can be noted from these variations of the coef-
ficients with initial-flight-pathangle. From figures 7, 9, awd 13 it
is observed that, as the angle-ofitrti is increasedfrom 30 to >0°, the
coefficient~ a&impact lift, draft, and time approach the ssme values for -
the instants of maximum acceleration and mexti draftj that is, as the
trim angle is increased toward 30°, the instants of maximum acceleration
approach the instants of maxm “draftduring the impact process. This
observation is also a~arent in figure 11 where the Yelocity at maximum
acceleration is slightly reduced and the rebound velocity is increased
(negatively) as the trim emgle is increased to 30°. Itis further obsemed
from figures 15 and 17 that, as the trim angle is increased from 3° to
30°, the center of pressure at the instant of msximug accelerationmoves
toward the step, and the pitching moment-about the step is reduced. The
effects of beam loading can be observed from figures 8, 10, 12, 14, 16,
and 18. These figures show that, as the been-loading coefficient is
increased from 27.39 to 36.15, s21 the coefficients increase in value with
the exception of the -act lift coefficient at maximum &raft-(fig. 8)

.

. .

.
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vertical-velocity coefficients at maximum acceleration and at
(fig. 1.2)j for these coefficients little effect of besm loading.

is indicated over the rsnge of initial.-flight-patliangle tested. –

Curved-Stern Model

Experimental values of the coefficients were calculated for each of
the impacts made with the curved-stern model in smooth water at five trim
singlestested, the trim snglebeingmeamred as the sngle of the tangent
at the stern. It is noted from figure 1 that the singleof the tangent
at the stern is 30° to the angle of the bow half of the bottom. However,
the angle of the bow -portionof the model is of little consequence over
the rsmge tested since only the curved stern is involved during most of
the imnersion process. Because the profile of-the c~ed stern is that
of a circulsr src, the vsrious angles of trim tested are of significance
primsrily from the standpoint of the effect of the location of the ter-
mination of the circular-arc profile. The point of termination was varied
from 22° aft of vertical to 160 forward of vertical with impact being made
at corresponding angles of trim of -220, -lho, ~, 80, and 160.

. Variations of the coefficients with initial-flight-path angle are
presented in figures 19 to 24 for the curved-stern model. In general,.
these variations indicate that the scatter among the experimental data
is very small for most of the trti angles. Inpsrts (d) and (e) of fig-

. ure 19, a comparison is made between the values of maximum impact lift
coefficient for the curved-stern model snd the expertientsl snd theoretical
values for’the straight-keel model. Inasmuch as the maximum load is not
significantly affected by a 1° chwe in trim (fig. 5), the curved-stern
data sre for an mgle of trim of 16 and the straight-keel data are for
em sngle of trimof 15° (fig. 19(e)). These comparisons indicate reduc-
tions in maximum load at high initial-flight-path angles for the curved-
stern model at angles of trti of 8° and 16°j however, these figures show

. that at maximum draft the loads on the curved-stern model are greater
at 8° trim snd shout the ssme at 16° trim as those on the straight-reel
model. It is noted from figure 19 that, as the trim angle is increased
from -lho to 160, the variation of msximmn impact lift with initis2.-
flight-path angle remains *out the same; however, the @act lift at
maximum draft increases and approaches the maximum lift at 16° trim.

The variation of draft coefficient with initial-flight-path angle
is shown in figure 20 to be insignificant as the trim angle $s increased
to 16o. In figures 20(d) end 20(e) the draft coefficients obtained
the curved-stern model are compared with those of the straight-keel
and fairly close agreement is shown.

.

.

for
model
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Figure 21 shows that the verticsl-velocity coefficient at maxtium
acceleration is only slightly affected at high flight-path angles by trti
angle; whereas, a reduction in vertical-velocity coefficient is indicated
at low flight-path angles as the trti is increased_to 160. Increased
(negatively) rebound velocities areinticatid, however, asthetrtiis
increased to 16°. From fQure 22 it is observed that aa the trim is
increased there is little effect on thne at msximum acceleration, a slight
decrease in time at msxhmxu draft, d a definitedecrease in the at”
rebound. —

Figure 23 shows that the center o~pressure moves toward the step
as the trim is increased to ~6°j whereas, in figure 24 a decrease in
pitching moment *out the step is indicated ogly as the trti is increased
from -14° to OO.

C!urved-BowModel in Smooth Water

Experimental values of the coefficientswere _cslculatedfor each
of the tipacts made with the curved-bow model in smooth water; these

—

coefficients are plotted egainst the mtial-fl~t-path -le fi ff~es
25 to 36. These data are presented for ‘fourtrin.eagles (-3°, 3°, 8 ,
end 16o) of the seven trim angles tested at CA = 18.77 and for the only

trim angle (8°) tested at
.

CA= 27.39 and 36.15.

The experimental values of msximum impact lifi coefficient-forthe
curved-bow model are.ccmqared in Yigures 25 and 26 with the variation for
the straight-keelmodel as predi.ctedby theory (figs. 5 and 6) and ss
obtained experiment~ly (figs. 7 and 8). These data show that-the experi- ,
mental loads tend to lie slightly below the variation obtained for the
straight-keelmodel. This reduction in maximum load is believed to be
caused by the hmnersion of the curvedbow. The effect of bow immersion
can be analyzed from the variation of draft coefficient with initisJ.-
flight-path angle as shown in figures 27 and 28. Included in these
figures is the draft coefficient at wkdch geometric bow imnersion occurs
for each angle o~trti. It is observed from figure 27 that at-abesm-
lo~iW coefficimt of 18.77 bow immersion occurred before maximum accel-
eration for all impacts made at or below 3° trim angle; whereas, bow
immersion occurred before maximum acceleration for those hrpacts made at --
8° trti angle above an initial-flight-pathangle of 12°. Although bow
immersion occurred before maximum acceleration at or below 80 trim angle,
figure 27 shows that less than one-half of the imersion before maximum
acceleration at 3° trw involved the bow and even less t~.one-~ was
involved at 8° trim. The effects of bow immersion on maximum load at
these trims, therefore, are expected to be smell, aa shown in figures
25(b) and (C). The experimental data plotted In figure 25(d) show that .

values of maximum impact lift coefficient for the curved-bow model at 16°
.
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trim lie a little below the ecperimentsl variation obtained for the
straight-keel model at 15° trim snd a little above the vsriation predicted
by theory for the straight-keel model at 160 trim. With this experimat~
scatter, agreement with the values obtained for the straight-keelmodel
appears reasonable since there should be no effect of bow imnersion
present.

From figure 28 it canbe observed that, at beam-loading coefficients
of 27.39 and 36.15 at 8° angle of trim, geometric bow inmersion occurred
before maxtium acceleration at initial-flight-path angles of shout 6.50
and 5.4°, respectively.

Seversl observations canbe male from the vsriation of vertical-
velocity coefficient, time coefficient, center-of-pressure coefficient,
and pitching-moment coefficient with initial-flight-path angle as shown
in figures 29, 31, 33, and 35, r-pective~yj for the c~ed-bowmode~ fi
smooth water at several trim angles at a beam-loading coefficient of 18.77.
As the trti singleis increased from 30 to 160, the time coefficient at
maximum draf’tand at rebound (fig. 31) and the pitching moment about the
step (fig. 35) decrease and the center of pressure moves toward the step
(fig. 33)* For this ssme range of trim angle, the verticsll-velocitycoef-
ficient at ms.xhnumacceleration decreases, snd at rebound ~ increases
negatively (fig. 29).

In general, the effect of increasing the besm-loading coefficient
from 27.39 to 36.15 for the curved-bow model in smooth water at 8° trim
is shown to be an increase in time, in location of center of pressure
from the step, smd in pitching moment about the step. (See figs. 30,
32, 34, and 36.) The vertical-velocity coefficient is affected less smd
shows only a slight increase at maximum acceleration and very little
change a! rebound.

Curved-Bow Model in Rough Water

Experimental values of the coefficients were calculated for each of

the impacts made with the curved-bow model in 1 -by b-foot waveSj these
t

coefficients sre plotted against the initial-flight-path angle in fig-
ure 37. ‘Ibisfigure shows that in rough water there is wide scatter of
the data and that a simple variation with initial-flight-path singleis
not established. The scatter shown canbe attributed largely to the
variation of the location of the impacts along the wave profile. The
variation of msxlmum impact lift coefficient with location of the impact
along the wave profile is illustrated in figure 38 wherein the location

. of the stern at the instant of water contact on an average wave profile
iS shown. Although there were smsll localized variations in wave profile
from impact to impact, the wave sizes and shapes were essentially the same.

.
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The locations of the impacts along the wave profile were taken into
account by using the slope of the wave surface at the point contacted
by the model. When the vslues of these slopes were subtracted from the
fixed trim angle of 8°, the angle of tribnrelative to the water surface
was found to range from 3.0° to 6.9°. In order to obtah the initial-
flight-path angle relative to the surface of the moving wave, the velocity
of the wave was added to the model velocity and the flight-path angle
computed by using this tutal velocity was obtained relative to the wave
surface by addition of the wave slope.

The maximum’impact lift coefficient was recomputedby using the
velocity relative to the wave and these values of maximum impact lift
coefficient are plotted against the initial-flight=pathangle relative
to the wave in figure 39. These values of msximum impact lift coefficient
are compared in this figure with the variations of maximum lift predicted
by theory for the straight keel at-the upper and lower limits of trim
angle (3.0° and 6.9°) relative to the water surface. !lhi.scomparison
shows that, although only a few tests were made over a smsll range of
initial-flight-pathangle, the variations predictedby theory for the
maximumand minimum angles of trim
ment-with the experimental values.

DISCUSSION

relative to the wave sre in fair sgree-

OF RESULTS

The primary purpose of this investigation is t.oextend previous
studies of impact loads on chine-imnersedbodies of flat or vee cross
section to the case of transversely curved bodies–with and without lon@-
tudinal curvature. The data are of interest also to the problem of loads
on constant-force-typebottoms. As already noted, the studies of refer-
ences 4, 5, ad 6 were concerned with the special case o~-full-kngth
zero-trim impacts without chine immersion; however, the results of’the
present tests desl with quite different---landingconditions of trimmed
impacts involving appreciable chine imnersion. Therefore, the results
of the present investigation smd those of the aforementioned studies are
not directly comparable.

In the following sections, a discussion of some of the effects of--
tremsverse snd longitudinal curvature on maxhmnn hydrodynamic loads meas-
ured in this investigation is presented along with a brief discussion of
the losds measured in the few rough-water impacts.

beem

Transverse Curvature

Ftceviousimpact-basin investigations of transverse
models have dealt only with flat-bottom models and

shapes on nerrow-
vee-bottom models

.
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having 30° angles of dead rise. These loads data were given in references
1 and 2 and were shown in reference 3 to be in reasonable agreement with
loads predictedby theory. The present investigation in the Iangley
impact basin is the first with models havimg bottoms of transverse curva-
ture. A comparison of the results presented in this report indicates
reasonable agreement between loads predicted by theory and losds measured
during actual impacts with forwsrd speed for the constsmt-force-type
transverse shape tested.

Inasmuch as experimental verification of the theory has been obtained
for the flat bottom, vee bottcm, and the constant-force-typebottom, the
maximum loads as predicted by theory can be used as a means of comparing
the loads for the three bottom shapes. The maximum loads predictedby
theory for these three transverse shapes sre presented in figure 40 as
the variation of msxiaum impact lift coefficient with sngle of trim for
each of three initial-flight-path sngles. The theoretical curves were
obtained from computational procedures in reference 3. The solution for
the vee bottom was for 170 dead rise, which is the appruimate average
angle of desd rise of the constant-force-typebottom tested. The com-
parison shown in figure @ indicates that, at the low initial-flight-
path angle of 5.5°, the maxhum load on the constant-force-typebottom
is almost the ssme as that on the vee-bottom model having 17 dead rise
except at very low angles of trim. At high initial-flight-path angles
and at high trim angles (above approximately T = 70 at 25° To), the
constant-force-typebottom yields greater loads than those predicted for
a vee bottom of 17° dead rise. This figure indicates that, when compared
with the vee bottom, the constant-force-typebottom shows a reduction in
msximum load only at low singlesof trim. This reduction at low trim angle .
appesrs more pronounced at the higher initial-flight-path angles. When
the flight-path angle and trim angle sre referred to the water surface,
the high-flight-path-angle snd low-trim-sngle portion of figure ~ repre-
sents the landing conditions of rough-water landings where the seaplane
is landing on the inclined surface of a relatively long wave; whereas,
the low-flight-path-sngle and high-trti-angle portion of this figure rep-
resents smooth-water landings or impacts on the back surface of a long
wave. This conrparison(fig. b}, therefore, indicates that, although
slightly greater peak loads would be experienced by the constant-force-
type bottom in smooth water than by the vee’bottom tith an equivalent
angle of dead rise, a reduction in pesk load might be eqected under cer-
tain conditions of rough-water landings.

Icmgitudinal Curvature

The incorporation of longitudinal curvature especially in the bow
region of seaplsme hulls has been widely used; however, little experi-
mental data have been obtained in or~er to isolate and to determine the
effect of longitudinal.curvature on maximum impact loads. Results

.
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obtained from impact-basin tests of a narrow-beam model having a curved
bow and straight stern and of the same model with a straight bow and
curved stern are presented in this section. Also presented sre results
obtained from impact-basin tests of a narrow-beam straight-keelmodel
of the same type bottom. If%he losds data or the theoretically predicted
values of maximum load for the straight-keelmodel are compared with the
msximum loads obtained on the longitudinally curved models, the effect
of longitudinal curvature can be indicated.

The results presented for the curved-bow model showed the maximum
loads to be slightly less than the meximum loads obtained for the straight-
keel model (fig. 25). However, the results presented for the curved-stern
model showed the maximnn-load data to be a~reciably less than the loads
predicted by theory for the straight-keelmodel having the same value
for the trim angle as that for the angle ofithe tangent at the stern .—

(fig. 19). The “smalleff&ct ofibow &urvature on the maximum impact load
is explained by the fact that most of the impact process involves only
the straight portion of the model and the curved portion becomes involved
too late to affect greatly the maximum load (figs._27 and 28); however,
since the curved portion of the curved-stern model is involved from the
instant of water contact, the load is affected throughout the impact
process. ,.

An effort-as made to analyze the effect of longitudinal curvature
.

on meximum impact load. It was apparent that longitudinal curvature can
be compared to landing at an increased angle of trim. From the charac-
teristic variation of maximum impact load with trhn angle (fig. 5), it
is observed that longitudinal curvature (increasedtrim angle) would be
of greater consequence in the low tr3m-angle range thsm at the high trim-
angle range. —

As a means af comparing the maximum loads on a-longitudinally curved
model with those on a longitudinally straight model, an equivalent angle
of trim was chosen for each trim angle except for -22°, the angle at which
the range offlight-path angle was too small to obtain a comparison
(fig. 19). This equivalent trim angle was taken as the average of the
tr~~les alongth e Mmersed portion at-the instant of maxhum load.
For -14 angle of trim, the equivalent trim angle yas the average of the
trim angles of the immersed portion from the forward water line to the
point-mf maximum draft”* In this manner, the negative curvature at the
rear of the model was considered to have little effect on the load. The
maximum loads are shcnrnin figure 41j in this figure maximum impact lift
coefficient is plotted against initial-flight-pathangle for four of the
trim angles tested. These sxperimenta.1values =e-compsred with those
of maximum impact lift coefficient predicted by theory for a straight-
keel model at the average equivalent trim angle for each trti angle shown.
For most of the=impacts, the equivalent-trim angle was apprcucimatelythe
same as the given angle of trim except for TS = -14°, the angle at which

.
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the equivalent trim sngle varied between approximately 7 and 11O.
Although the scatter is large at TS = -14°, the general agreement of
these ~ertiental loads with the maximum impact loads predictedby theory
indicates that these loads can be approximatedby use of the average trim
angle of the curved portion at the time of maxhum load.

Rough Water

The resulting maximum @act loads from the five rough-water impacts
were presented in figure 37 as the vsriation of maxhnum impact lift coef-
ficient with the initial-flight-path angle and in figure 39 as the varia-
tion of msximum impact lift coefficient relative to the wave surface with
the initial-flight-path angle relative to the wave surface. These figures
show that the maximum @act loads are greatly dependent upon the seaway
snd that, by tsking into account the wave velocity snd slope, a trend of
the load with initial-flight-path angle csnbe established relative to
the wave.

If the wave velocities are assumed to be approximately the same for
each of the impacts at 8° trim sngle, the slope of the wave at the point
where the impact occurs becomes an important paremeter in detetining the
maximum @act losd. In order to illustrate the effect of rough water.
in terms of wave slope, the maximum impact lift coefficient obtained from
the experimental data wu dividedby the maximum impact lift coefficient
predictedby theory for smooth water under identical landing-approach
conditions and this ratio was plotted sgainst wave slope at the point of
contact (fig. 42). This fi@u?e shows thd the increase Ln load due to
rough water csn be several times that due to smooth water and that the
smount of load increase v=ies with wave slope for the conditions of
these impacts. b regsrd to the landing conditions of these @acts, it
is noted that the ratio of wave length to model len@h is 4, that all
the impacts occur on the forward flank of the wave, and that the wave
slopes approach the trim angle of the model (80). !l%isincrease in load
as the trim angle of the model approaches the slope of the water surface
is in general sgreement with the theoretical variation of msxm load
with trim angle as shown in figure 5.

If the flight-path angle, trim angle, snd velocity relative to the
sloping wave surface sre used, the impact process is rotated ad treated
as smooth-water-impact conditions for the purpose of predicting the maxi-
mum hnpact loads. In figure 43, load coefficients relative to the wave
are plotted ~ainst load coefficients calculated for these smooth-water-
@act conditions for each impact from theory. Considering the lhited
data and wide scatter, this figure indicates that the maximum loads pre-
dicted by rotating the axis and applying smooth-water theory are in sub-.
stantial egreement with the measured loads of this investigation.

.
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observations on the Constant-Force-TypeBottom

NACA TN 3940

.

The close similarity of the model tested to shspes derived to obtain
constant-force impact loads for the idealized conditions ofizero trim,
ver-ticeldrop, and no chine inmersion permits speculation on the maximum
impact--loadsthat might be expected on such configurationsunder the more
realistic conditions of forward-speed landings with trim angle and chine
immersion. ~-data of this investigationhave shown that at low trim
angles and high flight-path angles (i.e., conditions almost the same as
those for the idealized case) lower maximum impact-loads are indicated
than would be predicted for a vee bottom of the same average dead-rise
angle. However, for other landing conditions more representative of
those that wouldbe encountered in normsl seaplane operations, the maximum
loads experiencedby the constant-force-typebottom are greater than those
which would be predicted for the vee-bottom hull. Although it might be
possible to desigma shape to give a substantially constant impact force
for my given landing condition, for routine seaplsne operations such a
design might result in an irregular load time histo~ for msny types of
impacts, with the possibility of higher peak loads than for the
conventional-vee-bottomhull.

CONCLUSIONS

An analysis of experimental data obtained in an impact-basin investi-
gation of a concave-convextransverse-shapebottom mounted on narrow-beam
models having straight and curved keel lines leads to the following
conclusions:

1. For conditions of this investigation, the maximum impact loads
experienced by the concave-convex or constant-force-typebottom sre
greater than those predicted for the conv+mtional-vee-bottommodel of
equivalent dead-rise angle for typical smooth-water conditions. Although
there are indications of possible load reductions under certain rough-
water conditions, the results obtained show that, in genera, the curved
surface of the bottom tested yields maximum losds that are similar to
the maximum loads to be expected with the vee bottop of.equivalent angle
of dead rise.

2. bad on irregular-shapednarrow-besm models of the constant force
type tested can be computed with reasondle accuracyby using procedure 3
of NACA Technical Report 1152 provided that the necessary planing data
are availdble. The loads predic~.by theory, however, are less than
those obtained in expertient for high angles of trim, by almost 10 percent—
at 20° angle of trim.

.
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3. The effect of longitudinal curvature of the forward half of the
model was a slight reduction in loads for tests in which the curved bow
was imnersed.

4. Longitudinal curvature of the stern half of the model results
in a significant reduction in maxhum impact loads as compared with loads
obtained for the straight-keelmodel. The maximum loads obtained were
approximately the same as those that would be predicted for a straight-
keel model at the average trti angle of the curved portion involved at
the time of maximum load.

5. Maximm @act loads obtained in the five rough-water impacts
indicate possible maxim-m loads several.times those experiefidedin snmoth
water for the ssme approach conditions. The severity of these lbads was
shown to vary with the slope of the portion of the wave contacted by the
model. Theoretical appraimation of loads of the type ~eriencedby
these impacts was shown to be possible by using the flight-path angle,
velocity, and trim angle relative to the slope of the wave surface
contacted.

L~ley Aeronautical Laboratory,
. National.Advisory Committee for Aeronautics,

Zsmgley Field, Vs., Noveniber13, 1956.
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TABLE I

TEST CONDITIONS

Beam-
loading Weight, Trim angle, Initial-flight-Nuniber

Oefficient, W, lb T, deg path angle, of

CA
T, deg runs

Straight-keel model in smooth water

~8.77 1170 3, 6, 8, :5, 20, 30 2.75 to 28.63 76
27.39 1707 3.41 to 19.00
36.15 2253 8 3.29 to 19.16 z

Curved-bow model in smooth water

18.77 1170 -3, 0, 3, 4, 8, 12, 16 3.13 to 23.62 7’8
27.39 1707 8 3.35 to 21.63 8
36.15 2253 8 3.39 to 19:14 8

( )Curved-bow model in rough titer Ii’ X 40’ waves

18.77
I

1170
I

8 1.62t0 6.96 5

Curved-stern model in smooth water

18.77
I

1170 I -22,-14, 0, 8, ~6 2.g6to 23.89 35

.
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TA812 II - Coml*d

IEF’ACT-LJ3AA9 DATA FFF3HTHS W MSEG2-S2AU IfOLF1921TH A CONSTAN2-2WX2.-TYF2B2TTW

At contact At 4,- t At ~ At raboti

Flull T, io> *O* Y., t,

deg i’pn fpm dw am
9

“ UEK _

Curved-km model in smooth water; CA- 27.39
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7851.079

2876 .788
L538 .705
2586 .776

2.78 3,926
5.56 u ,s87
8.22 10,11Z3
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9.79 9,1165

;:2; z:%

I
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Curvwd-b.m u.xlel in rough water; CA- 18.77

tiB 6.70 76.92 11.98 .d13 3.21!bon .207
169 :.8-J y:: 5.36 .ti3 1.39 1836 .267
169 e .0’772.67 31122 .m
170 6:70 6#.79 x .01102.91 %3 .2J
1?1 6.26 60.aS 5.55 .l@ 1.90 2326 .I159
172 6.L6 52.91 6.% .03482.57 3099 .252

$:; 11,537 .088
2,712 .II03

0. 12,607 .391J
;:$ I0,531J .150

5.m 1:;%
.U&
.nB

1.68
2.23
.21
.56

1.68
1.18

.2$1
I.032
1.519
.369
.WJ
.328

.Z@ -2.81

.7oa -3.6>
-—- -—.
.dlo -2.91
.3a -h.b&
.323 -1.91

173
1711
175
176

177
178
179
L90
181
182
183
ltu
185
186
187

188
1B9
190
191
m
193
l%
la)

195
1%
197
198
199

200

202
203
mh

.s.m
22

7.83

R

5JW
5.05
7.53
9.53
9.L8

u 11.ul
U.53
lz.ol
12.m
12.W
I?.1111

w
12.18
12.31

0 12.01
12.09
lz. n
32.27

6.B3
10.IJI

8 n.1%
12.35
12.b8

6.23
10.LO

16 11.83
12.57
L2.66

]

83.33
67.57
511.35
113.86

83.33
18.7L
71t.91
76.92
66.67
78.7iJ
53.76
112.7h
38.76
33.33
28.o9

91.711
80.CQ
72.99
72.b6
67.11
I$3.1O
3&.2.5
53.96

92.59
65.79
511.55
111,.32
33.33

83.33
65,67
51$.35
1-10.98
33.11

t,ern

11.081.29
l:;$

L 21L
.97
1.52,
1.99
1.80
2.U
L.62
1.711
1.a
2.39
1.81

1.OI!
1.33
2.63
2.59
2.I12J
1.82
1.6B
2.18

1.8&
2.31
2.o7
1.80
1.56

2.CJI
2.59
2.23
1.79
1.51

odel in smo

1277
g; :;g

802
.W5
.3?3

lK5 -3~7
1021
lwo ::;;

EEE9 :$

1933
.71.h
.2h7

20% .ZQ
2105 .392
2227 .252
2193 .3s7

$ .325
.IJ&s

35M .&~9
3533 .67h
3193 .6&3
23B2 .692
Zldl
2871

.696

.570

2378 .L73
3218 .6~
28&1 .739
2528 .779
2210 .739

2561 .KE
3580 .6i’~
3208 .75i
256B .65(
2219 .85i

h wata

2.83
5.05
6.70
6.35

2.h8
3.26

2:%
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.503 -lt.118
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.3?8 -6.83
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3.67
5.711
7.6
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20.93

6,733 .l&o 1:1$
11,7113.170

10,272 .167 1.35
ll>tw3 .160 1.66
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.190 1.I!3
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.320 .69
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c Fir6ti~uct.
: secondimpact.
o Average02 three Consistent runs.
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TABLE 111

ADDITIONAL DATA FOR CURVXD-BOW MODEL IN ROUGH WATER

lhrpact Wave “
Run location, xO,WJ To,w, TV,

slope,
in. 0, deg fps deg deg

168 340 3.0 88.20 4.37 3.0
a169 440 1.1 84.48 4.45 6.9
b16g 287 4.0 81.58 1.34 4.0

170 392 3.5 77.07 4.87 4.5
171 332 2.1 72..34 5.16 5.9
172 320 4.6 64.19 5.70 3.4

ag7&.t @aCt.

bSecond impact.

,

23
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(a) Straight-keel model. L-95886

(b) hurved-stern model. L-95887

(c) Curved-bow model. L-958&3

27

Figure 4.- Mcdels mounted on carriage in Langley impact basin.
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Figure 6.- Theoretical variati~ of maximum impact lift coefficient with
initial-flight-path angle for three beam loadings for straight-keel
model. T = 80.
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Figure 8.- Variation of impact lift coefficient with initial-flight-path
angle for straight-keel mcdel. T = 8°; CA =27.39 and 36.15.
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(b) CA =36.15
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